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PLOENTROEBUSTIONM

his is the third semi~annuol report {from February 1 1o July 3t
ihe Fundomenial ond Feosibility Study of Ring-Vortex Gaseous-Core Cavivy Do
under Grant No. NsG 586. Reference sheuld be made to the statements In e
hwo semi~annual progress reports to which this report is o continuation.

The experimental work is summarized in Port 1} ond the theoretical sty &
outlined in Part lil. For your information, the following reports under NsG 504 "o
been sent to the Cffice of Grants and Research Contracts, NASA:

Technical Rept. No. Title Date Su0r 0o
65-001 Stability of Two-Layer Viscous wasas R ;,Ul(
Stratified Flow Down an Inclincd
Plane
o . w(
65~002 Magnetohydrodynamic Boundary 274750 (Ss

Leyer Beiween Parallel Streams
of Different Magnetic Fields end

Temperotures Lp
bt
65-003 Stability of a Shear Flow in on ﬁ'l/
Unstable Layer f
RY 4
64-005 On the Estoblishment of Density L/ ‘R_,\/Q. ~

Profile for the Flow of a Two~
Fluid Single Phose Gas Mlixiure

65-006 The Stability of Swirling Flow of TRV gh o
a Viscous Conducting Fluid in the
Presence of o Circular Magnetic Field

According to Mr. R.G. Ragsdule of Lewis Research Center, Reporte * 0
and 65-005 will be published ot Lewis ond further distvibution wiil be : made
Report No.65~-006 also was submitted to the Journal of Physics of Fluids for ki
Report No. 65-001 is already published in the May 1965 issue of Journal of &1
Fluids. Report No. 65-002 also has been submitted o the AlAA Journsd oo
and is in revision. '

in the next fcw months, o number of reports will be completod wn
to the Office of Grants and Research Contracts, NMASA. Some of the o
renorts will be stated in this progress report.
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heavier fluid rotates near the outer circulor wall o compete with injecked toove
lighter fluid on account of cenfrifugol effect. Hot lighter fluid maintains in thy
center core ond whirls with suter heavier fluid like a solid body rotation, fnod
important fact is that turbulent diffusion between heavy and light cases dienini
helium) is so strong that short transient action period of cenirifugal force whizh
produced by means of reverse curvature is not enough o separate the heorry fiuid
from the light fluid and it is difficult to confine the heavy fluid withoui diifitag
away together with the escaping light fluid. This meons shat the observed good
confinement of solid lieavy particles in the system of rotating water wh ve the
injection and ejection are in two opposite tangent directions doas noi apply 12 ¢
two-phase fluid mixture of the some model syster.

In liquid, the axial positions of solid heavy particles can be conteoiicd
fairly well with two end jets in the cylindrical model. However, further exneri-
ments should be carried out for the case with two-phase gas flow pCIH'ICU‘.n by i
h- /o/ >/ » and the good features on stopping the loss of heavy medium obrasve

with fhe end jets should be further carefully verified. With strong inward vodic
injection of water in the cylindrical model, the heavy particies con be pushd =
and free from the end wall. This interesting fecture con be demonsitated vieit
laboratory experiments. In the near future, the some phenomena wiil be v
two phaose fluids.

1. Cylindrical Cavity Model

By using end wall jet streams we have successfully forced heavy porticics
circulate and concentrate in a ring suspended within the lighter propelian: Hluie
can keep the heovy particles away from the end woll. Consequently, he »
were trapped completely inside the cavity without being carried away by the o

vlow of {ight fluid. Our study is based on using water as the Tight proncilen:
ieavy particles used are sand, iron, ard gloss beads. /o have made moaun
en the static pressure distribution of the entire eylindrical cavity to wsive o He
cunclusion that the ring of heavy particles ore suspended in the low pressure conion
foimed by the two opposite located jet sheams. This ring of pariicies ia ko o
by zentrifugal force from the vortex core so that they do not drifi cway «
light exhaust water. The object of our experiments is to force iliis ving of I
partizles away from the side wall of the cavity o he whelly suspended i 1
fluid ret particles in its inner diameter can mointain saufﬂmem distoncs foos
core. Rodial flow from side wall of the cylinder was introduced i

Various methods of introducing radial flow wvere fried for abtosini g :

ring of particles under the influence of radial flow will spread across e - oo




of the cavity with finer porticles close to the vortex cove ond coorse posticias
adjocent o the side wall at the periphery of the ving. Tracer oil dioplets win: -
same density os water are injected with the radial flow from the sidewoll fo dode
the resident time and flow pattemn so0 as to know whether there is enough fima o
mixing fo execute proper heat exchange betwecn cold propallani fivid aad hoi 4o
fuel in the actual case. Becouse the flow from jet streains are essentially tusbul.oe,
plus the fact that high rote of secondary up~and-down flow existed in the vosiex il
field, flow mixing seems 1o be quite well established. Exact resident time for i
coming flow at different locations will be determined by photographic meons, whin
a new model suitable for this purpose is completed. Currently, o aasecus core
cylindrical model of two gases Is in development to explore more reclistic ol ysicc!
features.

2. Toroidal Covity Model

Since in toroidal cavity there are no end walls, the loss of heavy floid o
end wall boundary layer will not oceur. if efficient cooling method coute be v o
to cool the walls, toroidal shape gasecus core covity hos its inherent advantages o
being used os a propulsion device due to its fovorcble geometiical faatuve. i -
past few months, several attempts to make the model frem gloss resulted in rf"xi*.s alt
as the glass model is extremely fragile ond difficuls o fabricate. Finolly, o woi-
steel model with a tubular cross-section six inches in diameter hes been mode.
jets with adjustoble inlet ongle will be added to this model. Adjustable depiin =
nozzles, slit light end viewing lens are in construction for flow paticm sh.zz/. 7o
mode! should be ready in a few months.

Gas analysis made by a Perkin-Elmer Gas Chromatogroph o study the -
of heavy gas Freon-12 in the flow field of helium gas for o fwo dimensicna
reveals the fact that trapping of heavy gos is sctisfoctory bui not very effici.
the loyer of heavy gas circulating along the boundary secondary flow of e
will travel through the end wall boundary layer and escape thicugh the b
Now another two dimcnsional model is being mode with end wall st sheum
to offset the end wall boundary layer cffect.

iH  THECRETICAL STUDY

1. General Theorctlcal Approoch

In this program when ony new experimental phenomena is discovered. «
diccussion among members of the whole group is immediotely held ond uauaiiy
stizqulates some new ideas and nhysical insight into a problem. Then
ficd aothematical model can be formulated ard mathematizal freatmens will ve e
In other words, we ty 1o develop some simple theer'es o fit the veads o e oo
neriments.
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w1 i present progrom, two phase fluid Row of dea‘zsi‘iy vatio

is essential to the problem. Three dimensizaal conliguration, cenivifugel forne,
mass fransfer, heat transfer, "mgnefchydrodynomic effects, instobility and !
force oli are also very 1mpormm features in the present phase of study. However.
each of the above foatures is o difficuit subicct to analyze in fluid mechenics ans
heat transfer. Therefore, because of the complexity of the problam, theoretic a?
results cannot be achieved in a short time.

In the present program, we try to single out and simplify some imporiani
features of the experimental problems which can be treated enalytically. Some
analytic results then obtained con improve the understonding and also stimulate
further experimental study.

2. Stobility Shudy

A study of the stabiliiy of a swirling flow in a circular magnetic ficld has
been mode and the stability criterlon is established, A rother siviking phenomencr
is that there is a case in which the unstable circulatory flow field is countarbaloncod
by the unstable circular magnetic field such that the combined field makes o stakis
flow. The general analysis and detailed calculations are contained in Technical
Report No. 65-006.

{a) "The Stability of Swirling Flow of a Viscous Conducting Fluic
in the Presence of a Circular Magnetic Field, " by Hsien Ping Pao, Technizal
Report No. 65-006, Department of Space Science and Applied Physics, The
Coatholic University of America, May 19565, A sufficient condition for the
stabllity of a swirling flow in a circular maognetic field is established. A strongs:
sufficient condition for stability is also given or physical grounds and by an op-
proximate mathematical proof. Detuiled results for small spacing betwesn the
cylinders are given. It is shown that the stvonger sufficient condition for siabiity
is exact for smoll spacings. A new branch of solution which corressonds o nepaiToe
critical Taylor number is calculated.

An approximate solution for a porticular case is also given. A rc.ﬁv
striking phenomernon is that there is o case which the unsiable circulatory 7
is counterbalonced by the unstable circular magnetic field such thot the conbin
field makes a stable flow. The ducl roles of viscosity and magnetic i z”:,slvz'»'r_; 0
their physical mechanism are also discussed.

(b) "The Stability of Viscous Conducting Swirling {'iow fr the Tyoes
of a Circular Magnetic Fleld a.d a Radial Density Gradient, * by Hsien

Technical Report, Deporiment of Space Science and Applied Physics, The
University of America. (In preparation - 1o be comploted in 4-5 weeks g.} ';
stability of an elecirically and thermally conducting swirling f‘ow in the orose
of a radial temperature gradient, as weil os o circular magnetic field, Is
Sufficient conditions for sicbxhty are established. Decioiled results for

between the cylinders are given. New branches of solution which cowvzene 0
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aegotive Taylor number are caleulated.. The conjugate relationshiy between
different branchaes of solution is revealed ond discuzsed. The roles of three dif~
fusive coefficienis, momentum, magnetic, and thermal diffusivities, are discusses
it is found that the viscosity (momentum diffusivity) plays a duai role and has dus
offect, the magnetic diffusivity plays o single role with dual effect, and the s o
diffusivity ploys o single role with single effect.

(c) Stability in Stratified Gos Flow. In the cavity reactor fnc
problem of the stability of a heavy, hot gos (uranium) supperted by o light, -
gas (hydrogen) which is injected at the wall is important. We investigaie ¢ ivo
layer model in which the gases obey equations of state such that density is pro-
portional to temperature. The temperaiure distribution then implies o stcble
density stratification in eoch layer. Combined with the donsity yn..s!k and wens T
we have a velocity profile U(Z) of the fet type. In the inviscid limir the vales 'y
profile is expected to be of the stable type. Thus the stabilizing effect of e -
and of the stratification within each layer is combined with the destabilizing = Fac:
of the density discontinuity ot the interface of the layers. in general, the conf
is unstable, and we wish fo determine the largest instabilities ond the scole of ¢in ooty
associated with them. This work has just been started.

3. Densliy Profile and Suction in Mixed Flow

Continued siudy on the establishment of density profilc for the flow of & =
fluid single phuse gas mixture hos been undertaken. A theory is developed .“;r e
case of swirling flow with the body force provided by the cenirifugal aciion of -
switl. Solutions are given for a large class of swirling motions including n0f i
with reverse flow. Asymptotic forms of the uensnty profiles are e*c::aimrw catenio
A “singular petturbahon scheme is used to give the orders of the hi fgher wider oov
rection ferms in terms of the reciprocal of a diffusive Reynolds number, end i
uniform validity of the zeroth order solution is established. A final repoit oo #hi0
subject is being prepared.

Study is also being made on the theoretical deteminaiion of the composist -
of the fluid withdrawn from the covity reactor o assess whai is the percentar: 7
fuel that is lost if the concentration profile of the fue! is established acc '
to the theory mentioned in the last paragraph. A technical report is in peeporoy

4. Radiation Heat Transfer Between Two Pargliel Sireams of Cpii oo
Thick Flows.

The radiation heat transfer betwoen two parallal sireams of optissil,
flows is studied. In order to investigate the main features of the rediation b
transfer, this study is carrled out by assuming thot Hie fwo paralle! sirsers o
compressible and Inviscid. The rediation slip boundary condivion and
procedure between the optically thin and eptically thick regime
are used. The exact solution of the problem is ebtainzd in o cloced for
shows a smooth fransition regime in optically thick flovz botweon i Llach
lation and the Rosselond diffusion formulation. Numcrical caleu!

out and a final report of this investigation will be ready by Septambsr 1070
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